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Abstract 

Purpose: The present study aimed to explore the safety profile and clinical efficacy of CT-guided radioactive seed 
implantation in treating local recurrent rectal carcinoma. 

Materials and methods: CT-guided 125 l seed implantation was carried out in 20 patients with locally recurrent 
rectal carcinoma. 14 of the 20 patient had prior adjuvant external-beam radiation therapy (EBRT). The treatment 
planning system (TPS) was used preoperatively to reconstruct three dimensional images of the tumor and to 
calculate the estimated seed number and distribution. The median matched peripheral dose (MPD) was 120 Gy 
(range, 100-160 Gy). 

Results: Of the 20 patients, 12 were male, 8 were female, and ages ranged from 38 to 78, with a median age of 
62. Duration of follow-up was 3-34 months. The response rate of pain relief was 85% (17/20). Repeat CT scan 2 
months following the procedure revealed complete response (CR) of the tumor in 2 patients, partial response (PR) 
in 13 patients, stable disease (SD) in 3 patients, and progressive disease (PD) in 2 patients. 75% of patients had 
either CR or PR. Median survival time was 18.8 months (95% CI; 3.5-22.4 months). 1 and 2 year survival rates were 
75% and 25%, respectively. 4 patients died of recurrent tumor; 4 patients died of distant metastases; 9 patients 
died of recurrent tumor and distant metastases. 3 patients survived after 2 year follow up. Two patients were 
found to have mild hematochezia, which was reversible with symptomatic management. 

Conclusion: CT-guided 125 l seed implantation appeared to be a safe, useful and less complicated interventional 
treatment option for local recurrent rectal carcinoma. 



Introduction 

Post-operative chemotherapy and external-beam radia- 
tion therapy (EBRT) is the standard adjuvant treatment 
for high-risk resected rectal carcinoma [1]. Despite the 
effectiveness of combined adjuvant therapies, local 
recurrence remains a significant problem in the 10-15% 
of high-risk patients who subsequently experience local 
relapse [2,3]- Successful surgical salvage of pelvic 
relapses is restricted to anastomotic recurrences and 
some centrally located relapses. In fact, more than 3 of 
4 locally recurrent tumors cannot be resected 
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completely [4,5]. Palliative surgical resection without 
additional therapy has resulted in a 3-yr survival of 8% 
with no 5-yr survivors in a recent Mayo Clinic series 
[6]. Interstitial implantation of I seeds into the tumor 
delivers a high dose of radiation to the tumor (range 
140-180 Gy) by a very sharp fall-off containing the 
implanted volume, thus sparing nearby normal tissues. 
In addition, I seed has a slow continuous release of 
radiation (initial dose rate 0.07-0.09 Gy/h) that is radio- 
biologically advantageous, allowing repair of sublethal 
damage and reoxygenation of hypoxic areas in the late- 
responding tissues [7]. Therefore, radioactive I seed 
implantation is another choice for treatment of malig- 
nant tumors, which is widely applied for its curative 
effect, minimal surgical trauma, and few complications 
[8-15]. At our institution, we utilize 125 I seed replace- 
ment routinely in recurrent tumors in various sites, 
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which led us to investigate whether CT-guided bra- 
chytherapy is also feasible for rectal lesions. Therefore, 
we report here the results for 20 locally recurrent rectal 
cancer patients following 125 I seed implantation. 

Materials and methods 

Patients 

This retrospective study was approved by the hospital 
ethics committee, and all patients provided written 
informed consent. Between October 2006 and August 
2009, 20 consecutive patients with locally recurrent rec- 
tal carcinoma (12 men and 8 women, mean age 63.5 
years) were included in this retrospective, nonrando- 
mized study. Of these patients, 3 had a tumor in the 
rectal upper third, 4 had a tumor in the rectal middle 
third, and 13 had a tumor in the rectal lower third. 
Median diameter of the tumor was 4.1 cm. All patients 
had undergone prior surgeries. Of the 20 patients, 10 
had had both prior adjuvant external-beam radiation 
therapy (EBRT) and chemotherapy, 4 had received 
EBRT alone, and 2 had undergone adjuvant chemother- 
apy alone. The other 4 patients could not tolerate or 
refuse to have EBRT or adjuvant chemotherapy. The 
median EBRT dose applied in the adjuvant setting was 
60 Gy (range 50-70 Gy). Patient characteristics are listed 
in Table 1. Patients were first diagnosed by using com- 
puted tomography (CT) or magnetic resonance imaging 
(MRI). Histological confirmation of the diagnosis was 
achieved in all 20 cases by CT-guided fine needle aspira- 
tion (FNA) 1 week before implantation. FNA has been 
accepted as a gold standard in the diagnosis of tumor 
cytology [16-20]. Furthermore, 9 patients had elevated 
serum carcinoembryonic antigen (CEA) level. 

Instruments 

We used a Siemens CT scanner with pelvic imaging 
conditions of 120 kV, 275 mA, and width of 5 mm. 
Dose distribution was calculated using a Fudan TPS2.00 
brachytherapy planning system (Fudan University, 
Shanghai, China) based on the American Association of 
Physicists in Medicine TG43 brachytherapy formalism 
[21]. A series CT images are entered to reconstruct the 
three-dimensional graph of tumor; tumor volume is cal- 
culated and the three-dimensional graphs are displayed 
by the system. Figure 1 showed the distributions of I 
seeds and isodose curves after seed implantation from 
CT scan, which was analyzed by Fudan TPS 2.00. The 
125 I sealed seed sources were supplied by XinKe Phar- 
maceutical Ltd, Shanghai. For the 125 I seed implantation 
we used 18G implantation needles and a turntable 
implantation gun (XinKe Pharmaceutical Ltd, Shanghai, 
China). The 125 I seeds were manufactured from silver 
rods, which absorb 1 I, and were enclosed in a titanium 
capsule welded by laser (XinKe Pharmaceutical Ltd, 



Table 1 Patient characteristics 



Characteristic 


n 


% 


Number of patients 


20 


100 


Median age (range) 


63.5(41-87) 




Gender 






Male 


1 2 


60 


Female 


8 


40 


Pathology 






Adenocarcinoma 


18 


90 


Undifferentiated carcinoma 


1 


5 


Malignant hemangiopericytoma 


1 


5 


Tumor stage 






T2N0M 


6 


30 


T2N1M0 


2 


10 


T3N1M0 


9 


45 


1 Jl \A\ V1U 


2 


1 0 


T4N0M0 


1 


5 


Tumor site 






Upper third 


3 


15 


i i II . i ■ i 

Middle third 


A 


20 


Lower third 


13 


65 


Location 






Presacral region 


7 


35 


Anastomotic junction without expansion to the 


13 


65 


sacrum 






Prior treatments 






Surgery 


20 


100 


Miles 


13 


65 


Dixon 


7 


35 


TME 


0 


0 


Radiation therapy & chemotherapy 


10 


50 


Chemotherapy alone 


2 


10 


Radiation therapy alone 


•'l 


20 


none 


•"I 


20 



Shanghai, China). The diameter of each seed was 0.8 
mm, the length was 4.5 mm, and thickness of the wall 
of the titanium capsule was 0.05 mm. 1 I produces 
gamma rays (5% of 35 keV, 95% of 28 keV) with a half- 
life of 59.6 days, half-value thickness of 0.025 mm of 
lead, penetration of 17 mm, incipient rate of 7 cGy/h, 
and activities of 0.6-0.8 mCi. 

CT-guided implantation protocol 

One week prior to seeds implantation, all patients 
underwent a detailed tumor volume study using CT 
scans with the thickness of 5 mm. The radiation oncolo- 
gist outlined the gross tumor volume (GTV) and areas 
at risk for subclinical disease on each transverse image. 
The planning target volume (PTV) included the entire 
GTV and 0.5-1.0 cm margins. The dose was prescribed 
as the minimal peripheral dose (MPD) encompassing 
the PTV. The median MPD was 120 Gy (range 100-160 
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Figure 1 A typical transverse slice showing the distributions of 
125 l seeds and isodose curves after seed implantation from CT 
scan. The isodose lines shown are 300 Gy (brown), 160 Gy (red), 
100 Gy (blue), 80 Gy (green) and 40 Gy (yellow). PTV and 125 l seeds 
are shown in light grey circle and blue dots, respectively. 



Gy). The distribution and MPD of I seeds were calcu- 
lated using computerized treatment planning system. To 
reach the maximum radiation effect, the number of 
seeds implanted was 15% more than needed. Implanta- 
tion was guided by CT according to our TPS. 125 I with 
a nominal activity of 0.6-0.8 mCi/seed and a diameter of 
less than 1 mm was used as a radiation source and 
implanted into the recurrent rectal tumor under fluoro- 
scopy CT guidance, at a spacing of 1 cm, avoiding punc- 
turing vessels, urinary bladder, and other nearby 
structures. Implant parameters are listed in Table 2. 
Patients were placed on a clear liquid diet 24 hours 
prior to the implantation. All the brachytherapy 
implants were performed in a standard CT room under 
local anesthesia. CT imaging was taken at intervals of 5 
mm. The distance between the adjacent implantation 
needles was approximately 1 cm. Repeat CT with the 
implantation needles in place permitted adjustment of 
depth and angle of needle direction. Two to five seeds 
per needle were loaded, and seeds were released 0.5-1 



Table 2 Implant parameters 


Characteristic 


Median 


Range 


Volume implanted (cm3) 


68.9 


26.9-97.3 


MPD (Gy) 


120 


100-160 


Dose rate (Gy/h) 


0.07 


0.05-0.09 


Total activity (mCi) 


18.2 


9.5-66.6 


No. seeds 


58 


19-111 


Activity/seed (mCi) 


0.7 


0.6-0.8 



cm apart upon withdrawing the needles. Patients were 
kept in our radiooncology/interventional ward for 2 full 
days. 

Clinical benefit response (CBR) 

Clinical benefit response was derived from measurement 
of pain, functional impairment (assessed by KPS), and 
weight loss [22]. For patients to achieve an overall rating 
of positive CBR, they had to be positive for at least one 
parameter (pain, performance, status, or weight) without 
being negative for any of the others [23]. This improve- 
ment had to last for at least 4 weeks. Visual analog scale 
(VAS) pain score was recorded as level 0 to 10, in 
which 0 indicated no pain, 1 to 3 indicated mild pain, 4 
to 7 meant moderate pain, and 8 to 10 severe pain. 
Scoring began after the 1 I seeds were implanted. 

Evaluation of curative effect 

Patients were examined by CT 2 months after the 
operation. The efficacy was determined according to the 
tumor response standards suggested by the World 
Health Organization [24]. Briefly, complete response 
(CR) was defined as the complete disappearance of the 
lesion lasting for more than 4 weeks. Partial response 
(PR) referred to the situation where the size (i.e., the 
longest dimension multiplied by maximal upright 
dimension) of the lesion decreased by more than 50% 
and then remained unchanged for 4 weeks. Stable dis- 
ease (SD) was defined as the situation where the size of 
the tumor decreased by less than 50% or increased by 
less than 25%. Response rate was defined as the sum of 
CR and PR. Local tumor control after brachytherapy 
was defined as the absence of tumor progression in CT 
(SD+PR+CR). Serum CEA level was checked every 
month post-implantation as an indicator of prognosis. 

Postimplant chemotherapy and radiation therapy 

Three out of 20 patients who gave consent to che- 
motherapy received combined treatment with Oxalipla- 
tin 100 mg/m 2 and 5-fluorouracil (5-FU) 125 mg/m 2 1 
week after implantation. The chemotherapy was a 2-day 
schedule which contained Oxaliplatin on the first day 
followed by 2 days of 5-FU. The chemotherapy was 
repeated every 3 weeks for up to six cycles if tolerated. 
Post-implantation EBRT was generally recommended 
for previously unirradiated patients; however, no patient 
received EBRT if they had post-operative complications 
or were unable to receive the planned EBRT or refused 
further therapy. 

Follow-up 

All 20 patients entered the follow-up phase immediately 
after the implantation. The intended follow-up period 
was 34 months, with first visits at 1 month post 
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intervention, and every 3 months subsequently for clini- 
cal examination, blood sampling, and imaging studies, 
including chest X-ray, abdominal and pelvic CT scans 
and ultrasonography, performed earlier if a new clinical 
sign or symptom appeared. No patients were lost to fol- 
low-up. Follow-up pelvic CT scans to evaluate response 
were obtained on all patients at various time intervals 
from implantation. 

Statistical analysis 

With SPSS 13.0 software, quantitative indicators before 
and after the operation were compared using paired t 
test or nonparametric methods. The median survival 
time of survival analysis was evaluated by the Wilcoxon 
test and Kaplan-Meier methods. A P value of less than 
0.05 was defined as statistically significant. 

Results 

Effects on cancer-associated Karnofsky and pain physical 
score 

Karnofsky score increased dramatically post- 125 I implan- 
tation as indicated in nutritional status, sleeping time, 
and functional level (P < 0.05). Thus the overall quality 
of life improved. Details are listed in Table 3. 

Pain relief 

Symptoms of refractory pain were significantly resolved 
post-treatment (P < 0.05). In 20 patients, 11 (55.0%) 
patients had severe pain; 5 (25.0%) patients had moder- 
ate pain; 4 (20.0%) patients had mild pain before seeds 
implant. The response rate of pain relief was 85%. 
Change of pain score is shown in Table 4. 

Response to treatment 

Tumor response, which was demonstrated on repeated 
CT film 3 months post-treatment, revealed complete 
response (CR) in 2 cases, partial response (PR) in 13 
cases (Figure 2), stable disease (SD) in 3 cases, and pro- 
gressive disease (PD) in 2 cases. Overall responding rate 
(CR+PR) for this group of patients was 75%. Local 
tumor control rate was 90%. 1- and 2-year local control 
rates were 65.0% and 15.0%, respectively (Figure 3). 4 
cases died as a result of recurrent tumor progression; 4 
cases died because of distant metastases; 9 cases died of 
recurrent tumor progression and distant metastases. 3 
cases survived to end of the follow-up. Elevated serum 
CEA level before 125 I seeds implantation were detected 



Table 3 Change of Karnofsky physical score 





100 


90 


80 


70 


60 


Pre-op 
P re-op 


0 (0/20) 
0 (0/20) 


5.0 (1/20) 
55.0 (11/20) 


5.0 (1/20) 
25.0 (5/20) 


40.0(8/20) 
1 5.0 (3/20) 


50.0 (10/20) 
5.0 (1/20) 



Data are presented as % (cases) 



Table 4 Change of pain score 





No pain 


Mild pain 


Moderate pain 


Severe pain 




(%) 


(%) 


(%) 


(%) 


Pre-op 


0 (0/20) 


20.0 (4/20 


25.0 (5/20) 


55.0 (11/20) 


Post-op 


30.0 (6/20) 


40.0 (8/20) 


1 5.0 (3/20) 


15.0 (3/20) 



Data are presented as % (cases) 



in 9 cases, which reduced in 5 of 9, no change in 3 of 9, 
and increased in 1 of 9 after 1-3 months. 

Overall survival 

Follow-up period was 3 to 34 months, the median time 
was 22 months. 14 patients and 6 patients reached the 
one-year and two-year follow-up, respectively. Median 
survival time for all patients was 18.8 months (95% CI: 
3.5-22.4 months). The estimated 1- and 2-year survival 
rates were 75% and 25%, respectively (Figure 4). 

Adverse reactions 

There were no major complications such as fever, radia- 
tion enteritis, colorectal tract perforation and detected 
during our follow-up period. Two (10%) of twenty had 
grade one lower gastrointestinal reaction. The patients 
were found to have mild hematochezia, which was 
reversible with symptomatic management. All patients 
underwent an immediate post-procedure CT scan, no 
125 I seeds migrated to other tissues or organs. Bowel 
and rectal complaints were documented using a modi- 
fied Radiation Therapy Oncology Group (RTOG) rectal 
symptom scoring scale [25]. 

Discussion 

Various therapeutic modalities have been applied in the 
treatment of local recurrent rectal cancer, such as sur- 
gery, radiotherapy and chemotherapy - either alone or 
in combination. A five-year disease-free survival rate of 
less than 10 percent has been reported after radiation 
therapy with or without chemotherapy, but radiation 
therapy alone or combined with chemotherapy can pro- 
vide temporary relief of symptoms [26,27]. In patients 
who undergo radical surgery for rectal cancer, 4-33% 
develop locoregional relapse. Without treatment, these 
patients with local recurrent rectal cancer have a median 
survival of 8 months [28-31]. In non-fixed recurrent 
tumors, complete resection can be achieved with limited 
surgery such as abdomino-perineal resection and the 
outcomes are relatively favorable. 50 percent of patients 
with recurrent cancer after curative surgery have an iso- 
lated pelvic tumor which could be treated by salvage 
surgery. However, the actual salvage surgery rate ranges 
between 30 and 40 percent [32-34]. Our goals of treat- 
ment for locally recurrent rectal cancer are palliation of 
symptoms, better quality of life, and fewer treatment- 
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Figure 2 Locally recurrent rectal cancer with I seeds implant under CT guidance, (a) CT scan shows that I seeds are implanted into 
the tumor via 18G implantation needles (arrow), (b) CT scan shows the distribution of 125 l seeds post implantation (arrow), (c) 2 month follow- 
up. CT scan shows recurrent tumor partially decreased and ,25 l seeds gathered together (arrow). 



related complications. CT-guided implantation of radio- 
active seeds might be an alternative in the treatment of 
local recurrent rectal carcinoma. 

Percutaneous image-guided seed implantation, which 
can be performed without surgery or general anesthesia, 
has attracted increasing attention because of its ability 
to increase radiation dose to the region of interest with- 
out damaging neighboring organs [35]. Many published 
work [9-15] had reported percutaneous Iodine- 125 seeds 
implantation as a sole modality showed promising 
results in the treatment of malignant tumor, such as 
recurrent rectal carcinoma, non-small cell lung cancer, 
recurrent soft tissue sarcomas, spinal metastatic and pri- 
mary paraspinal malignancies, recurrent head and neck 
cancers, and so on. With this technique, highly effective 
radiation doses are applied as a single fraction, ensuring 
protracted cell killing over a period of up to several 
weeks or months. 

Lefevre et al. [36] reported a series of 8 patients with 
local recurrence of pelvic cancer treated with radiofre- 
quency ablation (RFA), complications occurred in six 
patients including minor pain, ureteric obstruction and 
colo-vesical fistula. It allowed good symptom control in 
patients with pain but morbidity was high. Ohhigashi et 
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Figure 3 Local control curve after CT-guided 125 l implantation 



al. [37,38] published a small series of 10 patients to eval- 
uate RF ablation as new local treatment for recurrence 
of rectal carcinoma. Tumor smaller than 3 cm were 
treated with a single electrode and those greater than 3 
cm in diameter required multiple insertions. The 
authors proposed that RF ablation is an effective treat- 
ment for tumor less than 4 cm in diameter that are not 
in close proximity to major blood vessels. Shimizu et al. 
[39] reported nine recurrent pelvic lesions in 8 patients 
after curative resection of rectal cancer were treated 
with real-time magnetic resonance-guided microwave 
coagulation therapy (MCT). Local re-recurrence in the 
ablated lesion was observed in 2 of 9 lesions. The 3-year 
overall survival rate was 12.5% (1/8 patients). Compared 
with other interventional procedures, advantages include 
interference-free and accurately predictable energy dis- 
tribution, treatable size of a target lesion, and lower rate 
of acute adverse effects due to maintenance of tissue 
continuity. Extensive experience with this technique had 
been collected in several preceding studies targeting 
pancreatic malignancies as well as one study targeting 
lung malignancies [8,40,41]. However, there are few 
reports on CT guided implantation of radioactive seeds 
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in the treatment of recurrent rectal carcinoma [42]. At 
our institution, the most commonly used isotope is 1 I, 
and 125 I placement has become a routine treatment for 
recurrent tumors at various sites. Therefore, we here 
present the results of 20 local recurrent rectal carcinoma 
patients following 125 I seeds implantation. 

Possible advantages of 125 I seeds over other forms of 
radiotherapy are as follows: 1. Radiation from seeds is 
characterized by attenuation over a short distance, which 
can keep a higher accumulative dose (up to 160 Gy) 
within the tumor. 2. I seeds can kill tumor cells conti- 
nually by keeping cells in the resting period and causing 
tumor stem cell apoptosis. 3. Deficiency of oxygen is a 
bottleneck of conventional external radiotherapy. 

Does et al. first reported 30 local recurrent rectal can- 
cer patients treated with brachytherapy [43]. Mean fol- 
low-up and local control for gross residual disease and 
microscopic residual disease were 26.5 months and 37.5 
percent versus 34 months and 66 percent. Eighteen 
patients (64%) had local recurrent rectal cancer under 
control in his series. Martinez et al. reported a similar 
experience in 29 patients with colorectal adenocarci- 
noma recurrent in the pelvis treated with permanent 
125 I seed implantation [44]. All patients had undergone 
prior surgery, and 72% of them had prior EBRT. The 
implanted residual tumor volume was microscopic in 
38% and gross in 62%. The implanted area received a 
median minimal peripheral dose of 140 Gy to total 
decay. The 1-year, 2-year, and 4-year actuarial locoregio- 
nal control rates were 38%, 17%, and 17%, respectively, 
with a median time to local failure of 11 months. The 
median overall survival rate was 18 month. 

Compared to intraoperative brachytherapy, the percu- 
taneous implantation of 1 I seeds used in our series may 
have certain advantages, such as better placement of 
seeds using image guidance and more precise seed distri- 
bution in target volume. In our group of patients we 
implanted I seeds under CT guidance and repeated 
CT after implantation which showed even distribution of 
radioactive seeds. Overall response rate of 75%, local con- 
trol rate of 90%, and pain relief rate of 85% demonstrated 
promising clinical outcomes in this group. Follow-up 
period was 2 to 34 months. Median survival time for all 
patients was 18.8 months (95% CI: 3.5-22.4 months). The 
estimated 1- and 2-year survival rates were 75% and 25%, 
respectively. These data suggest that 125 I seed implanta- 
tion under CT guidance has the potential to improve 
local control of recurrent rectal cancer. 

Koutrouvelis reported a case of CT-guided salvage bra- 
chytherapy of recurrent colorectal cancer in the pelvis [45] 
in a patient whose initial CEA was 67.0 ng/mL. After suc- 
cessful Iodine-125 seed implantation the CEA level 
dropped to 5.7 ng/mL 12 months later. In our series, nine 
patients had elevated serum CEA level before 



implantation. 1-3 months following implantation, the CEA 
was reduced in 5 patients, unchanged in three and 
increased in one. Thus, monitoring of sequential serum 
CEA levels pre- and post-implantation with local recurrent 
rectal cancer might help evaluate treatment responses. 

Finally, there were fewer complications compared with 
other interventional ablation procedures. From these 
data, it appeared that I seed implantation of recurrent 
rectal tumors offered both control of the primary tumor 
and significant palliation of symptoms. 

In conclusion, this study suggests that CT-guided bra- 
chytherapy using 125 I seeds implantation is safe, useful 
and uncomplicated and could produce significant pain 
relief for treating local recurrent rectal carcinoma. The 
long-term effectiveness of this treatment modality is still 
under investigation. 

Acknowledgements 

We thank Trerotola, SO, MD (Department of Radiology, Division of 
Interventional Radiology (S.O.T.), University of Pennsylvania Medical Center, 1 
Silverstein, 3400 Spruce Street, Philadelphia, Pennsylvania 19104) for editorial 
assistance in checking and revising the manuscript. This work is supported 
by the National Natural Science Foundation of China (81071244, 30830038, 
30970842, 81071 180 and 81071281), "973"Project (201 2CB932604), the fund 
of Science and Technology Commission of Shanghai Municipality 
(10ZR1419800, 1052nm01000, 10JC1410000, 10441902002 and 10JC1410900) 
and Shanghai Leading Academic Discipline Project (No.S30203). 

Author details 

'Department of Nuclear Medicine, Renji hospital, Shanghai Jiaotong 
University School of Medicine, 1630 Dongfang Road, Shanghai, 200127, 
China, department of Radiology, Ruijin Hospital Luwan Branch, Shanghai 
Jiaotong University School of Medicine, Shanghai, 200020, China, 
department of General Surgery, Shanghai Ruijin Hospital Luwan Branch, 
Shanghai Jiaotong University School of Medicine, Shanghai, 200020, China, 
department of Radiology, Ruijin Hospital, Shanghai Jiaotong University 
School of Medicine, Shanghai, 200025, China. 5 School of Radiation Medicine 
and Public Health, Soochow University, Suzhou, 215123, China. 

Authors' contributions 

ZMW carried out data acquisition, performed the statistical analysis, drafted 
the manuscript and participated in the sequence alignment. JL participated 
in the design of the study and participated in the sequence alignment. LL, 
TL and KMC participated in the sequence alignment. FJL carried out data 
acquisition. GH conceived of the study, and participated in its design and 
coordination and helped to draft the manuscript. All authors read and 
approved the final manuscript. 

Competing interests 

The authors declare that they have no competing interests. 

Received: 20 March 201 1 Accepted: 18 October 201 1 
Published: 18 October 2011 

References 

1. Krook JE, Moertel CG, Gunderson LL, Wieand HS, Collins RT, Beart RW, 
Kubista TP, Poon MA, Meyers WC, Mailliard JA: Effective surgical adjuvant 
therapy for high-risk rectal carcinoma. N Engl J Med 1991, 324:709-715. 

2. Gastrointestinal Tumor Study Group: Prolongation of the disease- free 
interval in surgically treated rectal carcinoma. N Engl J Med 1985, 
312:1465-1472. 

3. O'Connell MJ, Martenson JA, Wieand HS, Krook JE, Macdonald JS, Haller DG, 
Mayer RJ, Gunderson LL, Rich TA: Improving adjuvant therapy for rectal 
cancer by combining protracted-infusion fluorouracil with radiation 
therapy after curative surgery. N Engl J Med 1994, 331:502-507. 



Wang et al. Radiation Oncology 201 1, 6:138 
http://www.ro-journal.eom/content/6/1/138 



4. Ross A, Rusnak C, Weinerman B, Kuechler P, Hayashi A, MacLachlan G, 
Frew E, Dunlop W: Recurrence and survival after surgical management of 
rectal cancer. Am J surg 1999, 177:392-395. 

5. Rullier E, Laurent C, Carles J, Saric J, Michel P, Parneix (VI: Local recurrence 
of low retal cancer after abdominoperineal and anterior resection. Br J 
surg 1997, 84:525-528. 

6. Suzuki K, Gunderson LL, Devine RM, Weaver AL, Dozois RR, llstrup DM, 
Martenson JA, O'Connell MJ: Intraoperative irradiation after palliative 
surgery for locally recurrent rectal cancer. Cancer 1995, 75:939-952. 

7. Martinez-Monge R, Nag S, Martin EW: 125lodine brachytherapy for 
colorectal adenocarcinoma recurrent in the pelvis and paraortics. Int J 
Radiat Oncol Biol Phys 1998, 42:545-550. 

8. Zhongmin W, Yu L, Fenju L, Kemin C, Gang H: Clinical efficacy of CT- 
guided iodine-125 seed implantation therapy in patients with advanced 
pancreatic cancer. Eur Radiol 2010, 20:1786-1791. 

9. Wang JJ, Yuan HS, Li JN, Jiang WJ, Jiang YL, Tian SQ: Interstitial permanent 
implantation of 1251 seeds as salvage therapy for re-recurrent rectal 
carcinoma. Int J Colorectal Dis 2009, 24:391-399. 

10. Martinez-Monge R, Nag S, Martin EW: 125lodine brachytherapy for 
colorectal adenocarcinoma recurrent in the pelvis and paraortics. Int J 
Radiat Oncol Biol Phys 1998, 42:545-550. 

11. Haddock MG, Gunderson LL, Nelson H, Cha SS, Devine RM, Dozois RR, 
Wolff BG: Intraoperative irradiation for locally recurrent colorectal cancer 
in previously irradiated patients. Int J Radiat Oncol Biol Phys 2001, 
49:1267-1274. 

12. Wang ZZ, Lu J, Liu T, Chen KM, Huang G, Liu FJ: CT-guided interstitial 
brachytherapy of inoperable non-small cell lung cancer. Lung Cancer 
2011. 

1 3. Li JN, Wang JJ, Meng N, Qu A, Yuan H, Liu C, Ran W, Jiang Y: Image- 
guided percutaneous 1251 seed implanation as a salvage treatment for 
recurrent soft tissue sarcomas after surgery and radiotherapy. Cancer 
biotherapy and radiopharmaceuticals 201 1 , 26:1 1 3-1 20. 

14. Wang J, Yuan H, Ma Q, Liu X, Wang H, Jiang Y, Tian S, Yang R: Interstitial 
1251 seeds implanation to treat spinal metastatic and primary paraspinal 
malignancies. Med Oncol 2010, 27:319-326. 

15. Jiang YL, Meng N, Wang JJ, Jiang P, Yuan HSh, Liu C, Qu A, Yang RJ: CT- 
guided iodine-125 seed permanent implantation for recurrent head and 
neck cancers. Radiat Oncol 2010, 5:68. 

16. Volmar KE, Vollmer RT, Jowell PS, Nelson RC, Xie HB: Pancreatic FNA in 
1000 cases: a comparison of imaging modalities. Gastrointest Endosc 
2005, 61:854-861. 

1 7. Avritscher R, Krishnamurthy S, Ensor J, Gupta S, Tarn A, Madoff DC, 
Murthy R, Hicks ME, Wallace MJ: Accuracy and sensitivity of computed 
tomography-guided percutaneous needle biopsy of pulmonary hilar 
lymph nodes. Cancer 2010, 116:1974-1980. 

18. Kos S, Bilecen D, Baumhoer D, Guillaume N, Jacob AL: CT-guided 
percutaneous fine-needle aspiration biopsy of the inferior vena cava 
wall: a posterior coaxial approach. Cardiovasc Intervent Radiol 2010, 
33:209-212. 

19. Schmidbauer J, Remzi M, Memarsadeghi M, Haitel A, Klingler HC, 
Katzenbeisser D, Wiener H, Marberger M: Diagnostic accuracy of 
computed tomography-guided percutaneous biopsy of renal masses. Eur 
Urol 2008, 53:1003-1011. 

20. Brandt KR, Charboneau JW, Stephens DH, Welch TJ, Goellner JR: CT- and 
US-guided biopsy of the pancreas. Radiology 1993, 187:99-104. 

21 . Chen HH, Jia RF, Yu L, Zhao MJ, Shao CL, Cheng WY: Bystander effects 
induced by continuous lowdose- rate 1251 seeds potentiate the killing 
action of irradiation on human lung cancer cells in vitro. Int J Radiat 
Oncol Biol Phys 2008, 72:1560-1566. 

22. Burris HA, Moore MJ, Andersen J, Green MR, Rothenberg ML, Modiano MR, 
Cripps MC, Portenoy RK, Storniolo AM, Tarassoff P, Nelson R, Dorr FA, 
Stephens CD, Von Hoff DD: Improvements in survival and clinical benefit 
with gemcitabine as first-line therapy for patients with advanced 
pancreas cancer: a randomized trial. J Clin Oncol 1997, 15:2403-2413. 

23. Hwang SS, Scott CB, Chang VT, Cogswell J, Srinivas S, Kasimis B: Prediction 
of survival for advanced cancer patients by recursive partitioning 
analysis: role of Karnofsky performance status, quality of life, and 
symptom distress. Cancer Invest 2004, 22:678-687. 

24. Miller AB, Hoogstraten B, Staquet M, Winkler A: Reporting results of cancer 
treatment. Cancer 1981, 47:207-214. 



Page 7 of 7 



25. Cox JD, Stetz J, Pajak TF: The toxicity criteria of the Radiation Therapy 
Oncology for Research and Treatment of Cancer (EORTC). Int J Radiat 
Oncol Biol Phys 1 995, 31:1 341 -1 346. 

26. Danjuox CE, Gelber RD, Cotton GE, Klaassen DJ: Combination chemo- 
radiotherapy for residual, recurrent or inoperable carcinoma of the 
rectum: E.C.O.G. study (EST 3276). Int J Radiat oncol Biol Phys 1985, 
11:765-771. 

27. Rhomberg W, Eiter H, Hergan K, Schneider B: Inoperable recurrent rectal 
cancer:results of a prospective trial with radiation therapy and razoxane. 

Int J Radiat oncol Biol Phys 1 994, 30:41 9-425. 

28. Gunderson LL, Sosin H: Area of failure found at reoperation (second or 
symptommatic look) following 'curative surgery' for adenocarcinoma of 
the rectum. Clinicopathologic correlation and implications for adjuvant 
therapy. Cancer 1974, 34:1278-1292. 

29. McDermott FT, Hughes ES, Pihl E, Johnson WR, Price AB: Local recurrence 
after potentially curative resection for rectal cancer in a series of 1008 
patients. Br J Surg 1985, 72:34-37. 

30. McCall JL, Cox MR, Wattchow DA: Analysis of local recurrence rates after 
surgery alone for rectal cancer. Int J Colorectal Dis 1995, 10:126-132. 

31. Pilipshen SJ, Heilweil M, Quan SH, Sternberg SS, Enker WE: Patterns of 
pelvic recurrence following definitive resection of rectal cancer. Cancer 
1984, 53:1354-1362. 

32. Suzuki K, Dozois RR Devine RM, Nelson H, Weaver AL, Gunderson LL, 
llstrup DM: Curative reoperations for locally. Dis Colon Rectum 1996, 
39:730-736. 

33. Ogunbiyi OA, Mckenna K, Birnbaum EH, Fleshman JW, Kodner U: 
Aggressive surgical management of recurrent rectal cancer - is it 
worthwhile ? Dis Colon Rectum 1997, 40:150-155. 

34. Gagliardi G, Hawley PR, Hershman MJ, Arnott SJ: Prognostic factors in 
surgery for local recurrence of rectal cancer. Br J Surg 1995, 82:1401-1405. 

35. PeretzT, Nori D, Hilaris B, Manolatos S, Linares L, Harrison L, Anderson LL, 
Fuks Z, Brennan MF: Treatment of primary unresectable carcinoma of the 
pancreas with 1-125 implantation. Int J Radiat Oncol Biol Phys 1989, 
17:931-935. 

36. Lefevre JH, Pare Y, Lewin M, Bennis M, Tiret E, Pare R: Radiofrequency 
ablation for recurrent pelvic cancer. Colorectal Dis 2008, 10(8):781-784. 

37. Ohhigashi S, Nishio T, Watanabe F, Matsusako M: Experience with 
radiofrequency ablation in the treatment of pelvic recurrence in rectal 
cancer: report of two cases. Dis Colon Rectum 2001, 44:7410745. 

38. Ohhigashi S, Watanabe F: Radiofrequency ablation is useful for selected 
cases of pelvic recurrence of rectal carcinoma. Tech Coloproctol 2003, 
7:186-191. 

39. Shimizu T, Endo Y, Mekata E, Tatsuta T, Yamaguchi T, Kurumi Y, Morikawa S, 
Tani T: Real-time magnetic resonance-guided microwave coagulation 
therapy for pelvic recurrence of rectal cancer: initial clinical experience 
using a 0.5 T open magnetic resonance system. Dis Colon Rectum 2010, 
53(11):1555-1562. 

40. Chen A, Galloway M, Landreneau R, d'Amato T, Colonias A, Karlovits S, 
Quinn A, Santucci T, Kalnicki S, Brown D: Intraoperative 1251 
brachytherapy for high-risk stage I non-small cell lung carcinoma. Int J 
Radait Oncol Bio Phys 1999, 44:1057-1063. 

41. Trombetta MG, Colonias A, Makishi D, Keenan R, Werts ED, Landreneau R, 
Parda DS: Tolerance of the aorta using intraoperative iodine-125 
interstitial brachytherapy in cancer of the lung. Brachytherapy 2008, 
7:50-54. 

42. Wang JJ, Yuan HS, Li JN, Jiang WJ, Jiang YL, Tian SQ: Interstitial permanent 
implantation of 1251 seeds as salvage therapy for re-recurrent rectal 
carcinoma. Int J Colorectal Dis 2009, 24:391-399. 

43. Goes RN, Beart RW Jr, Simons AJ, Gunderson LL, Grado G, Streeter O: Use 
of brachytherapy in management of locally recurrent rectal cancer. Dis 
Colon Rectum 1997, 40:1 177-1 179. 

44. Martinez-Monge R, Naq S, Martin EW: 125lodine brachytherapy for 
colorectal adenocarcinoma recurrent in the pelvis and paraortics. Int J 
Radiat Oncal Biol Phys 1998, 42:545-550. 

45. Koutrouvelis PG: Computed tomography-guided salvage brachytherapy 
of recurrent large nonresectable familial colo-rectal cancer in the pelvis: 
case report. Technol Cancer Res Treat 2002, 1:61-64. 

doi:1 0.1 1 86/1 748-71 7X-6-1 38 

Cite this article as: Wang ef al: Clinical application of CT-guided 125 l 
seed interstitial implantation for local recurrent rectal carcinoma. 

Radiation Oncology 2011 6:138. 



